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1,  The Aldermaston Nuclear Data Idbrerv and associated I3M 7030
Computer Programmes for the Preparation cf Input Data for

Neutronics Calculations .

The present repcxt is one of a series which together will give a
comprehensive description of the methods adopted at AFRE Aldermaston
to handle the vast quantities of data used in multicroup neuironics
calculations on high speed digital computers.,

In preparing input data for calculstions three stages of work can
be distinguished,

In the first stege the experimentel and theoreticel data on neutron

cross-sections for a given element or isotope are survcyed and a sct of

" best valuss tebulatcd. This type of work has been undertaken in several

laboratories. ATRS work in this field is described in reports which appear
from time %o time. Currently detailed information is only available for
Be [1]and C [2] but further reports are in preparation, A comprehensive
sumiary of ATRE data in use at April 1960 is given in AWRE Report 0-28/60* [3].
In the seccnd stage 'i:.he asscmbled best data on micrescopic cross-
scctions arc reprcsented on punched cards or mgnc'tio tepc in a form
suitable for further proccssing using o large computer. The present
report de;scribes in detail the organisation, the formats used and the
present contents of the AYRE Nucleer Data library and forms a guide to all
who nced to use this library for further wock, The preperation of this
library requires a number of IBN 7030 and 13 1401 programxs. The .aain
feuturss of these programmes are outlined here. It is planned to describe
the full details of these programmes in further reports =~ sco sections 8-11

and related appendices.

In the third stage the stored data of stage two arc converted into

group crcss-sections, mean frec paths, cellisicn probabilities and other

*Now out of print
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quantities which are directly usable aé input to neutronics programncs.

This conversion is carried out using appropriate machine programmcs, The
main AYRE programmcs of this type arce GALAXY, which prépares group Cross-
sections for use in Sn and other multigroup nethods of solving the transpert
equation or the @iffusion equation, and the DICE lark IV system which produces
input data for iionte Carlo calculations®.  GALAY and the DICE larl: IV
system will be deseribed in two further reports of this serics.

As far as data collection and processing is concerned the output firom
GALAXY end the DICE lark IV systems rcpresents the end-product. But for
completeness we may note that these processed data are used j_.n a number of
versatile A¥RE neutronics prograymes including STRAINT, an IR 7030 5, code
[4] and MAGGIE, a }onte Carlo code which computes multiple scatter corruciions
to expcrimental data on elastic and inelastic ncutron scattering [5]. The
general problem of carrying out onte Carlo calculations on a larze co;:pu'i:erv
is considered in refcrence [6].

The resder should be werned that the nuclear deta system described in

the present report and other reports of the serics replaces the 1957 A/RE

. system which is deseribed in refercnecs [7] [8] and i9j. 1Iuch of the actual

data rcmains the samo ponding revision but the card formats and processing
programnes arc differcnt. The 1557 systom was designed for IRl 704/709/7090
machines.

The present nuclecar data system has been developed from the 1957 AR
system in clesc collaboration with werkers at AER, 7infrith and has been
designed for use with IBL 7030 and 7090 nachines. The Yinfrith Nuclcar Data
Iibrary and the a.ssociateé 7090 machine programmes are described in a serics
of AFE reports including "The Winfrith Nucleaxr Data Library" by . F. James

[10] which parallels the present report. Other “Anfrith reports will _A:'.o_v_l_d_g_
"DICE Mark IV 1s tho wholc complex that cnables a ncutron's fate ai o collision,
its subscquent mean frec path and the position of its next collision to e
determined.NOULD, the initial part of DICE, converts the nuclear date into a
form suitable for usc in the latcr stages of DICK.
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descriptions of the 7090 version of GALAXY and of 7090 (and in some casecs
7030) versions of library preparation pro rarmes (sce above).

In crder tc provide complete doscriptions for the 7030 and 7090 versions
of this nuclear data system a certain amount of duplication is deliberately
planned between the ATRE serics of reports which gonerally desceribe the 7030
version and the AEE suries of reports which generclly deseribe the 7090
versicn,  Descriptions of data compilations snc}; as references 1), |_2]
and [1] are issued by the originating laboratory.

' A nucloar data system such as that deceribed in this series of reports
does not rerein static, At the very leest new data are constantly being
added and cld data revised, Now types cf deta may be included. The reader
should thercfore bear in mind that ai a given time the available reperts on
the system may not be completely up-ito-date and that revision of reports may
be nceessary from time to time.  The prescnt report describes card and tape
formats which are designed for futurc neccds such as the accommodation of
phcten cross-scetion data in eddition to ncutron cross-scctiqn datz,

A similar gencral introductiém will be included in all rcports of this
scries,

2, Data Considered
2,1  General

The ultimate aim is to include in the librery information on
ncutron interaction, photon production and photon interaction cross-scciions,
Information will then be aveilaole o cneble a very wide range of ncuiron
and photon transport problems to be solved on high spced computers.

Por ncutiron cross-sections the cnergy renge covered extends from
0.001 ¢V or 1lcss up to 15 eV although for certain nuclides a smallexr rango

is coverad ani in some cascs the cross-scctions arc tabulated delow 0,001 ¢V,
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For photon cross-sections the raige covered is likely to be 0,01 - 20 icV

as was the casc with the old (1;57) ARE system [12].

2.2 Clossification of Data

Classification of data is by substance (nuclide, natural clenent,
molecule, mixture etc) on the one hand and by rcaction en the other.

A1l reactions occurring for a particular substance arc classificd
by a five digit "rcaction type number" (R.T.N.) which is subdivided into a
two diglt general classification muber (G.C.N.) followed by & three digit
particular classification number (P.C.N.).

General Classification Numbers (G.C.MN.)

These arc as follows:

0  Heading informaticn (plain)
1 Neutron cross-section (bluc)

2 Neutron angular distribution {mauve)*
3 Neuiron encrgy distribution (sreen)
4 liscellaneous quantitics for neutrons (v, n ete) (yellew)
5 Resolved resonance data for ncutrons (1‘030)'
6 Statistical data for unrcsolved ncutron resonances (brovm)

7 Thermal neutron scattcring law data (grey)
8 Photon cross-scction (plain)
9 Photon angular distribution . (brown)
10 Photon sccondary cnecrgy (green)
Photon production angular distribution (yellew)
12 Thoton production sccondary encrgy (mauve)
13  Photon production multiplicity (grey)

11, 12 and 13 cover photon production data on processcs initiated by ncutrons.
Colours in brackets are the colours of the Mucleer Data Filc Cards

used to store the appropriate typc of data - sce scctions 6, 7 and 8,

Further general classification nurocrs can be allocated if required.

* Jsuve = IBM "rose stripe”. Rosc = IBlI "red stripe’.
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16
17
18
19
20
21
22
23
2l
25
26

Particular Classification Numbers (P.C.N.)

These are as follews:

Total

Elastic

Non-elastic (= Total - Elastic) .
Tctal (n,n') = total inelastic scattering summed over all final states
{n,n') to 1st excited statc '

(n,n') to 2nd excited state

(n,n') to 3rd excited statc

(n,n') to Lth excited state

{n,n') to 5th excited statc

(n,n') to 6th excited state

(n,n') to 7th excited statc

(n,n') to 8th cxcited state

(n,n') to 9th excitzd state

(n,n') to 10th excited state

(n,n') to continum, This catcrs for that part of the (n,n')
reaction not covered by P,C.N's 5-14 and the use of
Ycontinuum" is a littlc loose. o

(n,2n) cr {y,2y) - pair preduction

(n,3n)

Fission = (n,f) + (n,n'f) + (n,2nf) + —cecemm
(n,f) - no pre-fission evaporation or dircct interaction noutrons
(n,n'2)

(n,2nf)

(n,n")a

(n,n')3a

{n,2n)a

(n,3n)a

(n,2n) isomeric state

27-100 To be allocated

101

102
103
104
105
106
107
108

Parasitic absorption (or diseppcersnce) - no sccondery neutrons produced
(n,y) or (y,e7)
(n,p)

(n,a)

(n,t)

(n, e

(n,a)

{(n,20.)

109~150 To be allocated




gy

151200

201

202
203
204

205

206
207

208

209-300
301450

451-999

Used to classify resolved and statisticel rescnance information.
The detailed meaning of the numbers (which differs in the

resolved resonance, G.C.N. = 5, and statistical resonance,

G.C.¥. = 6, cases) is given in sections 7.5 and 7.6.

Tatal transport cross-section with direct averaging and use of the
diagonal transport approximation. o, = Op = m T vwhere p is the
average laboratory angle cosine in elastic scattering ard anisotropy
of non-elastic processes is ignored. 201 represents a derived
quantity - see reference [8], p2ke

;a'f - the product of the fission cross=section and the avcerage
number of neutrons per fissione

oy = the product of the non-elastic cmss—sect;on ard the average
number of neutrons per non-elastic event. (also_ knmm as G‘_K)

G = Gn, the cross-section for all processes in v'vhich fission does

T o
not occur, .

Totel transport cross-section decived from constituent cross-sections

using reciprocal averaging, the microscopic total transport
cross-section being defirned as in the case of P.C.il. 201.

The total cross-section in relation to tofal transfer matrices
(summed over all reactions yielding seccrderies).

The total (n,n') cross-sectioa in rslation to total (m,n') transfer
matrices (sumed over (n,n') reactions 5-15).

The removal cross-section in relation to a particular energy group.
This gives the cross-section for removing neutrons fram the group
either by parasitic absorption (disappearance) or by scattering to
another energy group.

To be allocated. .

Energy release rate parameter (oE) for total and partial cross-sections
The cross-section concerned is identified by subtracting 300 from
this P.C.N. Thus 301 denctes the tdtal energy release rate
parameter wnilst 302 denotes that from the elastic scatter (302 =
300 + 2).

To be allocated.

The following conventions mey be mted. o

(a) 1-100 denote reactions in which secondaries of the same

type as the incident particle appear.

-9~




{b) 101-150 ° denote reactions in which no secondaries of the

same typé as the incident particle appeer.

(c) 151200 are used to classify resolved and statistical

resonance inf'ormation.

" (@) 201450 denote gquantities which are not normally given in

the library but which are calgulated by user programmes
such as GALAXY, These quantities will be discussed
in more detail in other reports of the series but we
note that the encrgy release rate parameter is
discussed on p30 of reference[8] whilst PCN 204 is

. used to label the non-fission transfer matrix which
occurs when the neﬁtron transport equation is solved
by the Sn method using a fission source technique.
Similarly PCN 206 labels the total transfer matrix

and PCH 207 labels the total (n,n') transfer matrix.

(e) The specification of the reactions is such that the P.C.N.

enables the final product nuciéi to be uniguely determined.
Thus with C'° the resction C'-(n,n')3a has PCN 23 whilst the
reaction C'2(n,n') G2 (y) C'2 has PON = 5 if the 4.43 MeV
first excited state is considered. Similarly vith U22°,
PCN»: 16 implies that 0237 + 2n are the final products., This
enables nuclide counts to be made when transmutations are
taking place. The notation and nomenclature largely follows
that devised by Goldstein and adapted for use by ZANDC and

the ASC Nuclear Cross Section Mvisory Group [31].
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It will be scen that amplo P, C.E's remain for allocation should
the Nuclear Data Library need extending.

xammles of Rcacticn Type Number Alloecation

Total cross-scetion fer neutrons = 1001
Elastic cross-scction for yeutrons = 1002
Angular distribution of fission neutrons = 2018
Secondary cnergy of (n,2n) rcaction

neutrons _ : = 3016
Mean number of ncutrons per fission, v = 4018
Ratio of capture to fission cross-

section, a = 4102
(y,2y) cross-section = 6016

Energy spcetrum of photons nroduced in

(n,n') continuum reaction 12015

7002

Thermal scattcring law data
PEN
Muclide Identification liumbor (5TIN.)

Different sots of dats within the library - either diffcrent scts of

data for thc same substanoc or scts of data for differcnt substances - are

identificd by the "nuclide identification number®, a somewhat misleading name
az data for a nuclide, for a natural ¢lement, for a chemical compound cr for
a mixturc can all be included and thc “number" consists of throee follerith
characters.

It is possible that there moy be more than one ruprescntation of
the same data for the same nuclide, for example, thcy may be given bty (a) a
mixture of cross-scctions and resonenco parameters or (b) in cross-stction
form alcne using cross-scetions gencrated from resonance paramcters in
represcntation (a) for some temperaturc(s)., In this case the different

sets of data arc given different nuclide identification numburs. If cdata
-11=




are available in the same form for a given nuclicde at different temperatures
then the same nuclide identification number is used for each temperature.

The way in which reaction type numbers are constructed means that
it is possible, for natural carbon say, for a nuclide identification numbexr
to covcr.a data set co;ltaining neutron interaction, photon production and
photon interaction data for the same substance. In practice the energy
ranges for these three different types of data are given may be different and
three different N.I.N's may be used, thus providing -a double differentiation
(by N.I.N. and R,T.N.) between the three types of data.

Alphanumeric Nuclide Identification Numbers

Although alphanumeric N.I.N's are allowed in theory they are
difficult to handle in practice. However the label field of the punched
cai'ds uscd to store the data is limited to threc symbols* and here use of
alphabetic symbols is essential if N,I.N's above 9599 are :ho be allowed.
This restriction does not apply to the data field where larger numerical
N.I.N's may be stored. In order to extend the range beyond 993 in the

label field the following convention is followed:-

Lebel Field ' Data Faeld
001 - 999 00t - 999
JOo - J99 1000 - 1099
K00 - K99 1100 - 1199
100 - L99 ' 1200 - 1299
MO0 -~ M99 1300 - 1399
NOO - N99 : 1400 - 1499
POO - P99 - 1500 - 1599

Z00 - 299 2500 -~ 2599

* This restric’ion does not apply to data derived by various
processing programmes (see below).
12




m Jotter O is omittcd to avoic confusion, Aurther extensions con
obviously bo rade 1f ncceuzary,

Muclide I2cntification Numboers for :ixturcs

It is dosirable to distinggish daua for mixtures, molccules etc
which form part of tho basic data libiaxy and proccsscd data vhich are derdved
by using the vari-us procussing prograrzies (GALAXY ctc) and thon mixing.
lixtures produced by the processing progrermes should be given I\ I.N's
starting at 10001 (orrangements must oc made for the procesaing prograrme
to insert the correot N.I.H. when idxing is donc) 7hen the preccssed data
is dorived from a single entry in the nucleer data file (e.g.A water cross-

sections 'at less than 10 ¢V) thon the N.I K. will be the same as in the

- basic library (< 10000).

2.3 Contents ~f the Library at 1st Zay 1963 -

At 18t lay 1963 the contcnis of the &ldcrmaston Huclear Deota
Library can be divided into two sections,

The first scction heving nueclidc identification numbers in the

" range 101 = 200 conadsts of data compiled ot “1dérmaston between 1956 and 1953,

lost of this dota formod part of the old (1957) systcm and has becn entored
into the present librery using an I3 7090 caxd conversion programe,

The contunts of tids first scction are given in fadle 4, N I.N, = 101 - 190
covor ncutron intcraction oross-scetions, ILI.N. = 191 - 200 cover photon

interaction cross-scections.

13
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Teble 1 Aldcrmaston Nuclear Data Iibrary - Data compiled at Aldermaston
Lirn| oment meatc mta 1 SR |
Isotope cte-iark Numbcrl Eumber - comments
101 uB2 1 fue3s 6 Spring 1959 [3]  0.025eV-14leV
102 238 i 1/u238 6 Spring 1959 [3] 0., 025cV=-141V
103 Pu?? 1/Pu239 8 Spring 1559 [3] 0.025cV-1kieV
104 pu20 1/Pu240 7 Spring 1959 (3] 0, 025¢V-141 eV
105 Allocated 6 Fovember 1557 0,025cV-1lieV
106 Fissien 1/F.P. 6 Juno 1959 0.025eV-15icV
Product . 4
107 H 1/4 6 November 1957 [3]  0.025¢V-14ixV
108 D 1/D 6 Novewbor 1957 [3]  0,025eV-i4dsV
109 T(1) 1/7(1) ¢ 6 Wovember 1957 [3]  0.025eV-iieV
110 Be” 1/H3 6 ovember 1957 [3]  0.0250cV-1klicV
111 Ho , 1/dl 6 Movember 1957 [3]  0,025¢V-14i%V
112 | Mlocated i 6 Spring 1959 0.025¢V-142EV
113 Allocated | 7 Spring 1959 0,025¢V~141icV
114 Be® 2/8e9 9 | Cctober 1959 {11  0.025¢Vv-151%cV
115 | Natural B 1/B 7 Anril 1957 [3] 0,025e¢V~141eV
116 'C 1/310 6 April 1957 [3] © 0.025eV-14iBV
117 | Natural C 2/¢ : 7 Junc 1960 [2]. 0.025eV-15cV
118 | Natural N | /N g 3 April 1957 3] 0.025cV-141cV
119 | Fatural O 1/0 : 6 December 1956 [3]  0.025eV-14icV
120 m?7 1/A1 6 June 1957 [3] 0.025eV-14 eV
121 Natural Si{ 1/si 6 Cetober 1958 [3]  0.025cV~141cV
122 y??? 1/u233 6 Spring 1959 [3] 0.025eV-141icV
123 P 1/0234 6 Spring 1959 1keV-14icV
124 - uz36 1/v236 6 Spring 1959 1keV-141eV
125 | Allocatod : 6 Spring 1959 1keV-148V
126 | Allocated { 6 Soring 1959 1keV~1LicV
127 Allocated l 6 Spring 1559 1keV~ili eV
128 P28 1/Pu238 § 6 Autumn 1962 . 0, 025c¢V-141eV
! Fission cross-scction only
129 P2 1/Pui 3 Spring 1959 {3] 0,025¢V-11aV
130 N7 1/Np237 i 6 1959 100keV-14ieV
: : Fission cross-scction only
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Table 1 gcontihued)

1

. CANDY Group

Date of compiletion, refcrence,

N.I.N. Iﬂ::;:’t oto IBJ::;QNE::; Con;i;gzrlhrk cnergy rz:ng;ezzzcrcd and Ji
131 232 1/h232 6 Spring 1959 [3]  0.0250V-1eV
132 | Natural Cr{ 1/Cr - 6 October 1958 [3]  0.025eV-141%eV
133 | Natural Fe| 1/ 6 February 1959 [3]  0.025eV-150eV
134 * Natural Fi| 1/M ; 6 October 1958 [3]  0,025cV-10V
135 | Naturel Po| 1/Pb k 6 August 1959 [3]  0,025eV-15ieV
136 | Natural cd| 1/Cd 6 Fovarber 1958 [3]  0.025cv-14beV
137 | w7 1/ma197 6 Decembor 1964 1koV=15XeV
' (ni);g’ (n,2n) A.u196.emd (n,2n)
Au196m  oross-scctions only
138 | MNatursl Ca| 1/Ce 6 October 1958 [3]  0.025eV-1lieV
139 N2> . 1/Na 6 October 1958 [3]  0.025¢V-14kieV
wo | ¥ 1/F 6 November 1957 [3]  0.025cV=1LkieV
144 | Natural G} 1/C1 6 Fobruary 1959 [3]  0.025eV-15tcV
142 | Aldocated ' : "6 1959 0,025¢V=15kaV
‘143 | Allocatod ! : 6 1559 0.0250V-15:V
148, | Allocated 6 1959 0.0250V-15:2V
145 Allocated f 6 "11959 0,025eV-15teV
146 | Mlocated , 6 lioso 0. 0256V-151V
147 | Allocated i 6 1959 0,0256V-15i6V
148 . Allocated L6 1959 0, 0250V-15:cV
149 | Allocated ! 6 1959 0. 025¢V=1 51V
150 Allocated 6 | January 1962 0,025cV-15:eV
151 | Avsorbiwm | /288 . 17 6 11961 - 0,0250V=151cV
Approximates total obsorption
152 7(2) 1/2(2) 6 November 1957 [3]  0.025eV-141xV
153 y2? 2/v235 1 inter 1960-61 0.0256V-143cV
454 y?3® 2/U238 1 I7inter 1960-61 0.0256V-14TicV
155 it 3/u235 7 {December 1961 0.025¢V-1 5LV
156 | . v?® 3/238 7 'Decenbor 1961 0.025cV-15ieV
157 | Allocated 7 Riareh 1962 1keV-141V
158 | llocated 7 ‘varch 1962 1keV-141eV
159 : !-120 ; ‘ 6 1957 No basic data. Group cross-
| : _

!scctions only

]




Table 1 (continued)

]

CANDY Group |

Date of compilation, rcfircnee,

"N, I.N, »I?o::epgtctc 1 ::;i;unn,.:::! Constant iark i cnergy range covered and
j  Number : corments
160 D20 é ! 1957 No basic data. Group ‘cross- .
. scctions only :
161 Allocated - 1957 No basic data, Group cross-
sections only )
162 Allocated - 1957 No basic data, Group cross-
. . : scetions only
163 v 3A/0235 7 Junc 1962 0.0250V-151sV)Ad justed
16, | 28 380238 7 | junc 1962 0,0256V-151eV)scts from
165 y238 . 3B/U238 7 | June 1962  0,025¢V~15MeV)3/U235 and
166 y238 , 30/U238 7 !June 1562  0,025cV-15MeV)3/U238
167 Allocated - 1 fugust 1962 1keV-15ieV
168 Allocated 7 i;lpril 1562 0, 025¢V-14iicV
169 | Allocated - 8 CApril 1952 0. 025¢V-1410V
170 | Alloeatcd i - ?Au;:,ust 1962 1keV-15ieV
171 Allocated ! - ! August 1962 1keV=151eV
172 Thin Adr 1/%hin Ar : - I Scptomber 1962 0,025eV=-15MeV -
! Approximates a vacuum
173 v236 2/u236 - Angust 1962 1keV-15L%
17 23 2/U234 - | Angust 1962 1keV-1510V
175 | Allocated - iay 1963 0.001eV-15t0V
176 | Allocatcd . - ‘lay 1963 0.001cV-15: 2V
177 M_lccatcé. - No data, Uscd only to identify
rcaction product
178 2 - Ne dota, Uscd only to identify
. rcaction product
179 ir 1/zr tay 1963* 0.025cV-15biaV
180 '
181
182
183
184
185
186
| 187

16

*Data supplied by P. J. Hermmings of tho Authority Heel

th and Safoty Branch, Risley.
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Table 1 (continued)

| i H
! ' s CANDY Group | Datc of compilation, reforcnee
Elemont 1 Basic Data| b ¥ ’ ’
N.I.N. Isotope cte; Mark anbcr; Constant loxk ' cnergy rangc covered ond
. | ; Number 1 comments
188 '; '
189 i I
190 l
194 H | 1/2 ¢ 1 April 1961 [12 ] Photon cross-
H scetions 0,01-20.¢cV
192 | Be b o/se G 1 April 1961 {12]) Photon cross-
] ’ . scetions 0.01-20LeV
193 c 1/c ¢ 1 { 2pril 1961 [12] Photon cross-
sceticns 0,01-20icV
194 N 1N G 1 april 1961 {12] Photon cross-
scetions 0,01-20eV
195 o} 1/0 G 1 April 1961 [12] Faoton cross-
scctions 0.01-20LcV
196 A 1/A1 6 1 April 1961 [12] Fhoton cross-
] scctions 0.01-201xV
197 Fe 1/%e G 1 woril 1961 [12] Photon cross=
sections” 0.01-2Gi eV
198 Po 1/ ¢ 1 April 1961 [12] Fheton cross-
sections 0,01-20ieV
199 U /U 6 1 4pril 1961 [12] Fhoten cross-
. scctions 0,01-201%V
200 Pu i 1/puc 1 April 1961 [12] rhoton cross-
! scctions 0,01-20i%V

Notes on Tablc 1
{a) Thc basic data mark number is

only,

(t) The CAIDY group constant mark
orints containing group cross-scctiens oaleulated using CANDY [8 ]

It is only applicable to data which was available in the old (1557)

system [7)

It does not appoar on the cards,

uscd for administrative purpescs

number appeers on cards, tapes and

() ‘The datc ef compilation gonorally means the datc ef the latest

refercnce referred to in the compilation,
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(@) ~ Mbsorbium has an atomic wuight of 8.0, a total vcross-avcc;tibn of
1000 barns, an(n,y) cross-scction of 1000 berns and an clastic
cross-scetion of 0,001 barns,
(e) Thin air has an atomic weight of 10,000, a total cross-scction
of 10~'0 barns.,  The total cross-scction is derived entircly
from elastic scattcring for which the angular distribution is
strong?.y biascd towards zoro scattering sngle. In tac unlikely
event of a collision, incident cncrgr and direction will be
viftually unaltered, This "nuclide" is introduced for
convenience in certain lonte Carlo calculations.
(f) ~ Yhilst N.I.N's 191-2C0 have been allocatcd for photon intoraction
data the rclevant information is not yet ineluded in the librery.
It is however available in the old (1557). -system [12]. .
The second scetion of the Alderaaston Nuclear Data Iibraxy having
nuclide identification numbers in the range 1-100 consists of data propared
by workcrs at AEE “infrith. In most cracs tiw date has been derived from
data given in Table 1 by modifying and cxtending the.data below an cncfgy
generally of 1eV but sometimes greater and sometimes less. This
modificetion has been made using a "gplicing" progremme specially designed
for this purposc. In é. fow cascs the data scts do not malke use of any data
compiled at Aldcrmaston end where this is the case the fact is notud in

Table 2 which gives the contents of this sccond scetion.
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'T-a'ble 2. Aldermaston Nuclear Data Librry - Date Partly or Wholly Compiled
at Other Laboratories

E 1.N Element Pasic Data . Date of compilation, reference, energy |
+4+8+ 1 Tsotope, etc., | Mark Number ‘ covered and comments
1 Not allocated
2 235 L4,/U235 Spring 1963 0.005eV~15MeV, As NIN 101
above 6eV
3 pu2)? 2/pu239 | Spring 1963 0.002eV-1h¥eV. As NIN 103
above 6eV
4 Xe'? 1/Xet35 | Spring 1962 [11] 0,01eV-1keV. Data
compiled at AEE Winfrith. Temperature
. = 293%K
5 ?38 1,/U238 Spring 1963 0.001eV-15MeV, As NIN 102
abave 1.75keV
6 Naturel C 3/c Spring 1963 0.0001eV-15MeV. As NIN 117
above 1keV
7 ‘Be0 1/Be0 Spring 1963 0.001eV-ikeV
8 Be? _ 3/Be9 Spring 1963 0.001eV-15MeV, As NIN 114
above 10keV
9 w3 2/U233 Data not yet available
10 H ’ 2/H Spring 1963 0,0033eV-14lieV, As NIN 107
above O,15eV
1 D 2/p Spring 1963 0,001eV-14MeV. As NIN 108
above 1keV
12 a2 2/Na Spring 1963 0.01eV~14MeV. Bazed on
‘0 data of Schmidt [13). Reported in [32]
13 B 2/B10 Spring 1963 0.,001eV-14MeV, As NIN 116
above 1eV .
14 Natural N 2/N Spring 1963 0,0001eV-1LYeV. As NIN 118
above 1eV
15 Natural B 2/8 Spring 1963 0,001eV-14MeV, As NIN 115
» above 1eV '
16 n? 2/m Spring 1963 0.0006eV-14NeV, As NIN 120
above 1eV
17 Natural Cr 2/ce Spring 1963 0,0001eV-14MeV. As NIN 132
above 0,05eV
18 Natural Fe 2/Fe Spring 1963 0,001éV-15MeV, As NIN 133
above 0,03eV
19 Natural Ni 2/v4 Spring 1963 0,0001eV-14MeV, As NIN 13k
. above 1eV
20 Natural 0 § 2/0 Spring 1963 0.0001eV-14MeV. As NIN 119
! : ! above 1eV. (n,y) cross-section added
. below 1eV
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Table 2 (continued)_ :

Datc of coimpilation, reference, cnergji

Slement Basic Data _i
N.I.N. Isotope, cte Fark Numbcr& range covered and comuacnts !
21 a7 2/3u197 Data not yot availsblo
22 p232 2/Th232 Spaing 1963 0,0004cV-14icV. As
. MIN 131 above 1cV
23 P 2/F " Spring 1963 0.0001eV-1kilV. As
! NIN 140 above 1V

2 ca 2/ca | sSpring 1963 0.0001cV-14leV.
TN 136 above 1cV ]

25 si 2/si " Spring 1963 0,0001cV-14leV, As
IN 121 above 0.1¢V

26 2/Po Spring 1953 0.0001eV-15.cV.
MIHN i35 above O.1cV

27 0 2/H20 Spring 1963 0,0006cV-0, 53V

28 ngw 2/D20 ~ring 1963 0.,0005cV-9.0eV

29 Pu 2/Pu240 Soring 1963 0,001eV-14icV. As
I 104 above 1.5keV

30 Nl 2/Fu2it Date not yet aviilable

34 Bt 2/Yel Spring 1963 0,001eV-14ieV, As
HIN 111 above 0.025cV

32 Ho? 2/103 Spring 1963 0.001eV-1LibV, As
NIN 110 above 1keV

33 C1 2/c1 Data not yct available

3 Ca 2/Ca Data not yet available

e Hendling of Neutron Inturaction Data

3.1 Cross-scctions

Enurgles and corresponding eross-scciions arc given in pairs in
order of eacending energy. All cross-scctions arc in barns and encrgles in
MoV, The points arc the end points of lincar segments of the cross-scoiion
graph plotted on a log-log scalc; (as in BINL 325 [14]).
are choscn so that the crror on lincer interpolation is accepf.u.hly small end
thus the cros-s-scction can be determined gquite aczuratcly at all vnergics.

The encrgy region coverzd for the ndclide may be divided into a

number of ranges and & cross-section may only bc specifi

ranges for scveral reasons including the following:

-20~-
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(a) the cross-scction is zoro or negligible in certair ranses

(b) the cms;-éection should be genercted dirccily from

resonance paramectcrs in certrin renges.

(o) convenience, as when the encrgy range covored for a

particular nuclidc is ¢xtended,
There is no restriction on the rangs of cnergy considered. The cncrgics at
which the cross-scction is speeificd moy bo as small or as large as one
pleascs.

For any range in which a cross-secction is given the cross~-section
must be specified and non-zcro at the ¢nd points of the range. A zcro cross-
section is not allowcd at any point, Thesc two restrictions arisc because
interpolation is on a log-log‘ scale basis. Thore two renges touch the
boundarv point must be rcpeated with the seme value of the cross-scction,

For a given nuclide the total and £1l1 partial cross-scctions must
be specificd at the seme points in order to facilitate checking.,  The ranges
do not neccecserily coincide (e.g. tho total cross-scetion and a cross-scciion
wilth a thrcshold may have diffcrcent numbors of ro.ngcs). ‘

If temperaturc dcpcndcncc is important the temperaturc to widch
the cross-scction is appropriate must be specificd,

3,2 Angular Distributions of Secondary Fcutrons

Angular distributions of sccondary ncutrons may be spccificd cither
renge-wisc or point-wisc as far as variation +4th incident neutron encrgy
is concerned,

In the mgc-z:ise represcentation the encrgy region for which the
appbprinte cross-scction is specificd is divided into a nurbcx of ranges in
cach of which a particular normeliscd probability distribution for scattcring
es a functicn of cos® is assumed to hold for each sccondary ncutron, 0O is
the scattering anglc end mey be specified in elther centre of mass or laboratory

2=




systems, For cach disiribution the lower and upper enorgy limits (in icV)
of the ronge arc given together with pairs of (cos 6, probability) valuss
determincd from a lincsy-lincar plot of the probability curve. Sufficient
points arc chosen so that the exror cn lincar interpolation is acceptably
small, ‘

Since the true angular disiribﬁtion is approximated by lincar
scgments the rosulting representation, in general, will be un-normalised.
Renormalisation will bc.neccssary within uscr programmes if the asswption
of unit normalisation is made within such programmes, The pairs arc specified
in.ordcr of inercasing cos® i.e.'sta:ting with cosd = i.e, starting with
co® = -1 and ending with cos® = .+1.

In the peint-wise represcntation normalised probability
distributions arc spccified for each neutron at a number of energies choson
so that linear intorpolation in cnergy and cosi give an accepteble
representation of the probabi}ity for any given cnergy and scetiering anglo.
Bach specified distribution is constructud in.the same way as for the range-
vise roprescentation. :

In 21l cascs the total oncrgy range covered by the anguiar
distribution wust coincide with that covered by the corresponding cross-.
scction., If, say, an clastic gross-scction is specified in the enexrgy
range 0,001eV - 14 eV, then with point-wise rcpresentation the first
engular distribution must be for cncrgy 0.001 eV and the last for 14 koV;
for range-wisc represcentation the lower cnergy boundary of the first
range must be 0.CC1 oV and the upper cnergy boundary of the last range
must be 14 1eV.. '

Fer o given cnergy rango or a given encrgy point linear
combinations of up to six normalised probability distributions arc

allowed,
-22-
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For & given reaction for a given nuclide a mixed representation
is not allowed. Such a mixed representation can always be forced into
point-wise representation by specifying the angular aistribution for each
range twice (at each end of the range).

The choice between centre of mass and laboratory scattering
angles depends on the particular reaction. Generally elastic scattering
and inelastic scattering to specified levels in which a fairly simple
correlation between initial and final energy exists require the centre
of mass angle to be used whilst for other non-elastic processes the .
laboratory angle is more convenient.

When energy loss is calculated from a dynamical formula it is
necessary to specify the atomic weight of the nuclide considered.

The special cagse of thermal scattering is considered under a
separate heading,

3.3 Energy Distributions of Secondary Neutrons

When there is a known correlation between incident and

. secondary encrgies and scattering angle the secondary energy will be calculated,

by processing programmes. No secondary energy distributions should be
specified in such cases.
In other casas secondary energy laws are specified and
correlation between scattering angle and secondary energy is generally ignored.
Seven secondary energy laws have been specified to date, namely: - ‘
1, Neutrons emitted with a known discrete energy.
2. Neutrons emitted with an energy k (Eo-Eﬁ), where k is a constont
(the reduction factor), E  is the initial energy and E; is a
discrete energy. This covers the case of exciting a single level

in en (n,n') reaction (approximately).
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- 3. - Continuous (normalised) speotra ixﬁependent of initial
energy,'e.g- fission spectrum (to a good approximation). .
4,5,6 Neutrons with secondary energy, B, represented by the
normalised probebility function :
p (/B = £ (5,5/5%)
where f is some function and E, is the initial energy.
g can take the vaiu.es‘ o, -L and 1 to givé laws 4, 5 and
6 respectively. An "evaporation" spectrun falls in class 5e
7o This law gives a more refined representation of the fission
spectrum, allowing veriation with incident energy ami with
- fissioning nuclide. It is given by the normalised A .
" probebility function
(/%) exp (/1) + (1) (&/x 8/%) F exp (/D)

1
a+d (v +1)%

N(E) =

1
f

with B

& = (Gpp * Tone) / V(0 + Tpre *+ Tog)
o(E-E,) / (14-E,)

where a,b,c are constants’

3
L}

v is the mean number of neutrons per fission

E is the threshold for the (n,n*f) reaction

L is the initial erergy (811 energies in MeV)

o'nt"o’nn't' ‘and annf are the oross sections for the
(n,£) (n,n'f) amd (n,2nf) reactions

It will be seen that lew 7 is specified by four parameters a,b,c

and’ Ef (the remaining quantities -being available from the nuoléar

data f£ile).




The continuous functions of laws 3,4,5,6 ere spscified by
pairs of (argument, probabuity) values such that linear interpolation
on a linesr-linsar scele between specified points gives acceptable
eccuracy. It should be noted that, although these functions are normalised
(to a certain degree of accuracy) within the range of arguments considered,
certain arguments may be imgcessibie on energy conservation grounds.
(e.g. the emergent energy of a secondary neutron imay be greater than
the incident energy in an (n,n') reaction). Renormalization, either on
physicsl or mathemnatical grounds, is generally necessary in user prograimess
The energy region for which the appropriate cross section is
s.pecified is divided into a number of ranges 'in each of which the
secordery energies (in }eV) are deterained by linear combinations of thése '
laws. Different linear combinations of laws are allowed for different
neutrons in the case of (n,2n) and (n,3n) reactions.
The special case of thermal scattering is considered under a
separate heading.

3.4 Miscellaneous Suantities - v.m, etc.

These include
n, the number of secondaries per collision (clastic and non=-elastic)

n=(o'n +0, 420, + 305, +vo-f+----)/°-T

mn, the number of sccorderies per non-elastic event
n = (cu, +20, +30y +Vot--- -g)/(:'x
& = G;{/Uf

;, the mean number of secondary rgutrons per fission.
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. The first three of these quantities are computed froin the appropriate
foriula and are specified only at points (a comnon mesh) at which the
cross-sections e.tc. appearing in the formula are specified and the law
for interpolation between energy points is not a simple one.
v is represented in exactly the seme way as cross-sections,
the vspecified points being end points of linear segments of a log-log
plot of V versus energy. .
The energ:.{ points at which v is spccified are not necessarily
the same as those at which the cross-—sections are specified but the

lowest and highest energy points at which the fission cross-scction is

specified must be included in the represcntation of v. This means that

—

when v 0‘f

is formed interpolation in v will generally be neccessary.
It may be useful to specify further miscelle.ncous quantities at
a later date.

It should be noted that, whilst v is given in the library for
all fissile nuclides, specification of n, m and o is optional.

3.5 Resolved Resonance Data

In energy ragions where resonances sre well resolved the cross '
sections can be geperated by means of various formulac which are
approximate ard are derived from the R-matrix theory of nuclear reactions

*(Lane and Thomas = refercnce [15] - herein referred to as LT). Since it
is possible to make many different approximations the format for this part
of the library is erranged so as to facilitate easy addition of new
formulae (this may well be necessary when subject is in.vestigated further).

Six approximations are considered here.

{a) Breit<ifigner formula for a single isolated level involving

¢ = 0 neutrons.
. - oo .
j4.0 gL (Lo g e T
/) B e e IL A adne G - < ‘,
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(b'). Hreit-Wigner formula for { = O neutrons and many levels when
elastic scattering and radiative capture are the only important
processes.

{c) The Reich-foore formula - & multilevel formula with fevw
fission channels for ¢ = O neutrons.

(d) The Vogt formula - a few level forinula for ¢ = 0 neutrons

(c; The multilevel formula for necutrons of all ¢ in the case
when only clastic scattering nced be considered.

(f) Breit=Jizner foriula for a singlc isolated level invelving
neutrons of any ¢&.

It turns out to be possible to use exactly the same card

format for cases (a) and (b).

() Breit=Jigner Formula for a Single Isolated Level for & = 0 MNeutrons

This is a rather hypothetical case as onc assumcs that there is a
large energy range in which the cross-section is due to the single
resonance and in which there is no interference from other resonances.

~ Referring to LT 'p322 the general single level formula (all values
of ¢ allowed) can be written in the form, for a reaction procceding

through a single isolated resonance A of spin J and definite parity

(z'p, ) (2 1)
R SR ST T (
w' L2 T 212 1)
X (B\* 05B) g Iy

where the primed suns ¢s, ¢'s' are such that

L+s=Jd=2¢ +38 . (2)
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and parity is cqn.sez"ved

. S 2
Uaa_kztzkg\?sin¢°
3

Jsd . .
—~ 2(8, + -~ E) sin 2 + I, {(l-cos 2¢ )y
o S e T ) o”
3y Z Tae 2 2 J
£ (E, + &4 B 445y
(E'r) (2 1y )
sg "¢ sty Ae
g — zJ (3)

(B, + & =E) +a0," ,

In the formulae
a ard o' denote ingoing -and outgoing channels respectively so that %
is the elastic scattering cross-section.

ka is the wave number fer the ingoing chamnnel

234
8y T 20141)?

the spin statistical factor.
I is the spin «f the target nucleus

J wo" v 4 " compound nucleus level A

8 " " channel spin =123
%o is the hard sphere scattering phase and is independent of s and J
Ek is an eigenvalus for the internal region

AX is the shift factor for the level A

1 are level widths for the level A

AC Ac!
I‘)\ = EI‘)\G

The more femilar forms are obtained by a special choice of the boundary

corditions for the eigenf‘unctioné corresponding to the Ek.




Tais gives E)‘ + AR(Er) = Er where I)r 4s the observed resonance

energy. iie note that, in general A.)\ is & fuaction of energy as is I‘)\c.

IfJ is fixed snd & = O there is only one value of s vhilst if
the internal interaction (nuclear potential) is represented by a square
well then ,, =k & for &= 0, vhere a is the scattering length (or chanrel
radius ).

Expanding Ex + A)\ - E about the observed resonance energy Er

and setting ¢ = 0, sin2¢°2 = kaz a2 we obtain the well known formulee for

the contribution to the cross~section from a single resonance

2 2
M‘n + 42 I‘n (E-Er) + 4 a

O = % N5 - )
(E—Er) + 2/
_ 2 'n I
O'm = A g3 —-'————'—'2 ” (5)
(B-E.)" + /4
r - ﬁhrx (6)

x oovers emission of gamma radiation or particles. X is the reduced

wavelength (centre of mass systein)e

In (&), (5) and (6) it is assumed that there is no interference from
other resonampes ~ the only interference term arises from potential-

resonance interference in the elastic scattering formula.

Usa of the Breit Wigner formula for ¢ = O neutrons and a single .
isplated level requires a knowledge of the following parameters
I, J, Er

8

T Iy (a31 x), T' - 811 evaluated at Z_
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Additionally 1t is necessary to know how the partial widths vary with
energy - the usuel assumption is that 1‘ is independent of energy whilst
1n(3) = 1‘}5/13 where I‘n is the reduced neutron width (correspording to
the value of I at 2 = 1eV) so that I'(E) = I'HOﬁB +T, vhen only elastie
scattering and radiative capture are of importance,

A1l the previous Fdiscussion depends on the ‘representation of
the nuclear potentisl by a square well of radius a. Use of a.diffuse'
potential (as in most optical model calculatlons) vill lead to somewhat
different formulae and mey possibly change the depexﬂence of 1‘
energy slightly.
(v) Breit “figner Formula for & = 0 Neutrons end Many Levels when

Hastic Scattering ard Rediative Ce.pturc arc the Olll_[ Allowed
Reactions

This situation is found in nearly all mediun and heavy non-fissile
nuclides in the clectron volt region.

Since the spacing between resonances is quite sm.allene a2xpects
to find resonance-resonance interference terms. In fact such interference
terms cnter only into the elastic scattering cross section. The existence
of many photon channels ensures (random sign approximation) that the
intcrference terins vanish in the casﬁ of radiative capture. For particle
eaission or fission in which few channcls are ‘involved strong level
interference effects are likely and the formulae are inore complicated.

The elastic and radistivc capture cross sections for many levels

with the same J are given by

2 2, 2 .. .
2 r -er I e/xC + ua/R)i (B-8)
= L 2 . 7&2% i‘ rn rmr rn by
Z» o y2 L2
. (&£ + 1. /b

r s#r[(“‘ﬁ') + %1 r]L(ﬁE) + 3 s]

nts )
(B-z2,, +r /i
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fhe sums are over resonances, ILn epplication it must be remembered
that, except when I = C, we have J =1 * % to consider.

‘Phe discussion of energy veriation of widths and nuclear potentials
under (a) is eciually applicable here..

In practice allowance must often be inade for the contribution to
the cross—section from distant levels = this usually has a 1/v energy
variation.

(¢c) The Reich-Moore Formula - & Fultilevel Formula with Few Fission
Channcls for & = O Neutrons

The theory is given by Reich and -ioore [16] and hes been applied to
u233 {17], U235 [18] and Pu2ii [19]. It applies principally to the low
energy cross sections of thermally fissile nuclides (only & = O resonances
are considersd) but is valid for any reaction which proceeds essentially
through only a few channels. A few fission channels only are allowed (ons
or two in the practicel applications) but interference is allowed between
resonances. ‘

The totel, elastic and fission crossesections for fixed J eare

given, in the two fission channel case, by

2
op = 2n X gy RE(1S,). (9)
2 2
g, = %X g [1-s,,1 (10)
2 2 2
% = %X SJ(‘S1zl + ls1jl ) (11)

The expressions for S1 47 311’ S13 are rather complicated but ere given in
reference {16]. The following quantitics are needed fer each resonance
to give a complete specification of the cross-section.

E?\ (not nccessarily equal to Er)
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J, &(=0), I

., the total width

xl
I-)\n' the ncutron width
I‘)\Y, the radiation width
P'Af’ the fission width
p.}\z and ﬁ)\j

Relative signs of B,, B,, end of f,, ﬁ7~3
(i)

2
Lo =208, + Brz?)

18,41

In the cne fission channel case the only additionsl quantity needed

over the sirgle level formula case is the relative sign of BM and B)\z.
It may be neither necessary nor desirable to includfe interference
terms for all resonsnces, (i.e. somec levels can be calculated using a
single level formula).
It is often desirable to add in 1/v terms to the various cross-
sections to account for the effects of distant levels, cto.

(@) 'The Vot Many Channel, Few Level Formula for & = 0 Neutrons

The theory is given by Vogt {20] ard has been applied to U233,

U235 and Fu239 {20] {21,; it was developed to account for the low energy

cross-sections ef fissile nuclides. Reference 120] sives
formulae for elsstic, (n,y) and fission cross-sections.

For each resonance A the following quantities provide a coimplete
specification of the cross-section

EN (not necessarily equal to Er)

()

,» I

\

-

» D Dy e
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A c-dimensional vector g ¢ where ¢ 1s the number of fission
channels - alternatively one nced only specify the angles between
all peirs g, . g—?\'f since Ig}\flz = Iypr

For simplicity it is prcbably better to specify the ¢ compornents
of the Eyp for each A\ As in the case of the Reich-ioore formula 1/v
terms may be added to the contributicn to the cross~section from the
aspecified resonances.

(¢) The Multilevel Formula with Pure Soattcring as Used by Hibddon

This is useful in analysing data for certain light nuclides (eege
Ne ard AZ) in vhich rediative capture, inelastic scatturing etc are 231
unimportant compered to elastic scattering and so I' ~ T . The formula
for- the scattering cross secfion then becomes (in the case when level

widths are much less than spacings)

7y =¥ Z Zzl C e My ang | (14)
a Z./E—T"‘ o Ar, ¢

where r denotes a particular level corresponding to known values of
J and & I‘r is the (total) width for resonance r whilst ¢& is the hard
sphere phase for neutrons of angular momentun £ on the square well model.

(14) experds into the form (for greup of levels having sere & and J)

o -2(2 e+1) bx X sin ¢6

r 005295 +T_(B~E_) sin 2¢,)
+n%gJi~Z r ¢ r T r 2

—~ 12 L2
(E—br) + % In

L l
3 1 +(B-E ) (2B (15)
Z ; ((e-2, ¥ ekt T, ][(E-E )2 ] (2o +( £ )( R}

=3




There is a fairly obvious relation between (15) and (7).
This formula requires the specification of the following parameters
for each resonance

E

r

I,J, ¢

PX.‘

. for all ¢ valuos.
In fact ¢ ¢ ey be computed from theoretical formulae based on the square
well potential model.

Hibdon has applied (15) to analyse resonances in aluminium
(22] and in sodium [23].

() Preit-Tisner Formula for a Single Isolated Level Involvirg
Neutrons of any &

This epplies in very light nuclei where resonence ~ resonance
interference can be neglected. CGeneralising (14) and (15) to a single
resonance of given J, ¢ and with several reactions but no change in

_ channel spin on elastic scattering gives:

- A 2 2
T = Z (2¢41) 4= % sin' %,
e .
r?-2rp sing. + 27 (2-5_) sin 2¢
‘ ﬂkng n n & A (16)
B )2 . i 2
(2% + 51,
2 r, T,
T = WX E; _"‘T"—_"ﬁ 3 (17)
(.a-u + .
with T =T + ;rx » o (18)

=3~
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More general formulae are given in reference [2&.].
This partioculer case needs further investigation and no caxd forimat
is given for the parameters iavolved,

3.6 Statistical Data for Umresolved Resonances

This subject requires careful consideration before card formats '
are deterained. At present (May 1963) this investigation has not been
undertakens

3.7 Iherinal Scnttcring Law Data

Thermal scattering law data is concerned with neutron interactions
in (neutron) encrgy ranges where the relative motion of nucleus and
neutron ard the possibility of atomic interactions (binding effects) must
be taken into account. The ¢nergy and angular distributions of neutrons
after scattering collisions is determined by the scattering law, a
function S(a,B) where a = [E + E' - 2(;'13')'1’ cos 6j/AKT and B = ('-5)/kT.
E is the initial neutron energy, E' is thc final energy and © is the

labqratory scattering angle so that o and B are rclated to the momentun

- and energy transfers in the collision. XT is the temperature in encrgy

units and A is the ratio of the mass of the nucleus tc the mass of the
noutron (this definition must be cxtended in the case of molecules).

In the case of a monatomic gas where there are no birding effects

exp | = !c,?' + gz )/ ha )
S((’»'ﬁ) = 3 e

In terms of S{a, B) tnc cross-scction for a ncutron to be scattered

from cnergy & to energy i' through a loboratory angle .6 is given by

o .
o(aris', 8) dE'dcosd = 2—13? \!E} exp(=B/2) S(a, B) dE'dcosé

s
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vhere % is the bound atom cross -section,

2,2
% = % (A+1)°/A

where o, is the free atom cross-scction
For a fuller acoount the reeder 1s referred to the articles by Zgclstaff
{25) ard Egelstaff and Schofield {26] and the refercnces therein.

The thermal scattering law data is specified by giving S(a, B)
at. sufficient values so as to allow linear interpolation in a amd B.

In addition the lower energy limit of the static nucleus model for
scattering 1s specified. Since S(a, B) may not be known for all
accessible a, B below this lower energy limit the monatomic gas model
form of S(a., 3) is assumed in the absence of other information -~ this
takes the sume (parametric) form for all materials.

In certain cases S(a, B) has a b function at B = 0 and in this
case we write

S(a, 8) = 8" (a, B) + o %(8)
where S (a, B) and A are specified in the file.

Two further points require consideration. Firstly in the case
of molocules the effective mass (ratio) used to Qef’ine o is somewhat
arbitery and will generally be a function of the particular analysis
of the experimental results. Sccondly it may be desirable to allow the
free atom cross section to vary with encrgy. A simple case - the only
one considered - is when the totel scattering cross-section is set
equal to the elastic cross section given in the file (R.T.N. = 1002)
and the secondary energy distribution is computed using the monatomic

gas law of S(a., B)e

~36=




4. Handling of Photon Interaction Data ]

The general f‘eatw:es of photon interaction data are discussed by

" Buckirgham and Pendlebury (12).

Since photon interaction data is

currently (May 1963) not included in the library & full discussion of

this subject is left over for a later version of the present reports

5. Handling of Photon Production Data

This subject remains to be investigated.

6. Representation of Data on Punched Cards - Gencral reatures

All Nucleer-Date File information is recorded on I3 syabolic cards

having 960 punching positions (12 rows x 80 columns e

Figure 1 illustrates

the luyout of the symbolic card. An actual card is showm in figure 2.

Field Field Ficld

Ficld

Picld

‘ F:Leld ‘
!
i
!

i
i

Label | Lubel}] Label
Field |Fiela! Field

1 2 i 2

N.I.N. Sectiory Serial l
Noe ¢ No.

PRy v

}
]
H

COL8.T, 20 +11,12, 154025, 2k, 254435, 36, 37..1»,7#.5,49. .59,60,'61..71,72,73,71.,75,76,77,78,79,80
The Symbolic Card

Figure 1.

The card has six data ficlds each eleven oolumns wide seperated by a blank

column amd three label fields in columns 73-80.

Punching conventions

One piecev of information only is recorded in each field and this must

be punched so that there arc no blank columns at the right-hand end of the

field. Punching is fecilitated by using.the special data punching sheet

shown in figure 3.
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No cards may have 2 B in column 1 but pimbors are permissible.”
This requirement ensures coxrbatibility with the IBM 7030 Master Control
Programme, ‘ .

If a particular. field is to be left blank it is permissible, and
sometimes convenient, to punch a zerﬁ in the field.

Number reprcsentation

Unless otherwise stated all data is in floating point mode (magnitude
limited only by machine capacity). No fixed point number may exceed 32767,

Labelling ~ Identification and Serial Numbering

Label field 1 (73-75) contains the nuclide identification number
{comnon to all cards for one set of data for one substance). For each set
of data there are & number of scctions and label field 2 (76-77) gives the
section number. A scction contains all the nuclear data for a particular
reaction type (nuiber) and the same reaction type will have different
section numbers for different substances depending on where it is filed in
each card deck. Note that 1002 (elestic cross~-section) and 2002 (elastic
angular distributions) occupy two sections not orne. The relation between
section nunber and reaction type number is specified on the nuclide
heeding cards (see below) occupying section 00. Within cach section
the cards are nusb.red scrially starting at onc in label field 3 (78-80).

- It will be seen that the label fields ensure that cards do mot get
out of order, or mixed with cards for another section or with different
vintage data for the same substance.

The label ficlds are normally occupied by integers but if necessary

the range of any label cen be extended by using alphabetic characters.
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Ordering of Sections

The ordering of sections is according to the order of (a) Neutron
data (b) Pnoton intcraction data {c) Photon pfoducti.on data. ithin
ecach of (a) (b) (c) the order is by, firstly, particuler classification
nunber and, sacondly, by general classification munber. For instance
we might have.
Heading cards Section 00
Ncutron data 01 1001 Total cross=scction
02 1002 zlastic cross-section )
03 2002 F%lastic angular distribution

04 1003 ron-elastic cross <goction

05 1004 {n,n') total cross-section
FPhoton interaction data L B8oc1 stal cross-section
FPhoton production data Vil 11005 Photon production angular

distribution from first level
It should be noted that as far aS neutron data is concerned all the data
for a psrticuler reaction appears together (cross=scction, angular
distribution seccondary energy, number of secondaries ).
In practice paciks containing all three types of data si.ultaneously
ere unlikely to occur, particularly as photon interaction data depends
only on 2 and not on A.

Description of Card Contents - Nuclear Data File Cards

A description of the data is printed on cach card together with an
interprctation of the card contents. An additional guide to the contents
of a cerd is provided by using the special Nuclear Lsta File cards in which

case different colours ara used for different goeneral classification numbers
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(see section 2.2 for details). These iuclcar Data File cerds are also

designed to allow easy reading of the interpretation of their contents.

Nuclide Hcading Cards

The first section of each nuclide (section 00) contains heading

cards which list in section number order the reaction types occurring

for the nuclide concerned togetner with their section number and the

number of cards

Card 1 Field 1

Card 2 Field 1

N

a v & W

in each section. The card format is

Nuclide identification number * (fixed point,. This
number identified the isotope, element or mixture
referred to by the dats and is identical with the
nunber punched in columns 73-75 (label ficld 1) on
every card. (If the data is revised, it is given a
new identification number).

Total number of cards used to represent this nuclide
including the cards in section 00 (fixed point).

Kunber of cards in scction 00 (fixed point).
The atoaic number (2) (fixed point).

The stomic or molecular weight (A) (fixed point =
six places following the decimal)

Humber of diffcrent reaction types that occur in
the nuclide (fixed point).

Section number (I‘ixea point)

Reection type number (fixed point) -

Nunber of cards in this section (fixed point).
Section number (fixed point).

Reaction type nunmber (fixed point).

Nunber of cards in this section (fixed point).

The field pattern from Card 2 onwards is repcated for each reaction

type in the nuclide. In the case of mixtures, the atomic nuaber (Z)

is omitted and molecular weight (A) is that appropriate to the mixturc.

L )
For further details about nuclide identification numbers see section 2.2
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Atomic and #olecular Weights

These are specified as fixed point decimal rumbers (710.6) so

that for Uz3 8 we have A = 238,050760. The physical scale in vhich

o2 - 12.000000 is used.* Velucs of A are given by Kénig et al. [27].

On this scale the neutron mass is 1.008665 ard it should be remembered
that in elastic and inelastic scattering the ratio of nucleus mass

to neutron mass is involved and not A itself. The same tables are used
to compute g-values. In forming mecroscopic constants care must be
exerciscd to use the correcAt velue éf Avogadros' number. This is a

N, = 6.02295 x 1023 ( = 6.023 x 102> for normal purposes since the
accuracy of densities does not Jjustify more figures ).

7. Representation of Neutron Interaction Data on Funched Cards

7.1 Neutron Cross Sections (G.C.i.1)

The format for each cross-section reaction type is as follows:-
Card 1 Ficld 1 Reaction type number (fixed point)‘
2 Number of energy ranges (fixed point)
3 "Gt yalue of the reaction in MeV
4,5,6 Additional information if required
Cerd 2 Field 1 Lower limit of the first energy range
2 Upper limit of the f irst cnergy range
3 Material temperature (degrecs absolute) to which crosse
section is appropriate (left blank if tempcrature
dependence not considered).

L Number of cards used to rcpresent this temperature for
this cnergy range, including this card (fixed point)

5 Number of cross-section points for this temperature in
this encrgy renge (fixed point)

6 Numbcr of temperatures still to be fully considcred
(i.e. includes tais onz) for this energy range (fixed
point). If the temperature dependcnce of the cross—
scctions is not considcred this field contains a 1.

#Most of the existing data has atomi¢ ond molecular weighta.referrcd to
A(016) = 16,000000.
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©. Al the following cards contain energy values (in MeV) in
fields 1,3 and 5 with the corresponding cross-sections in ficlds 2,4 ard 6.

The field pattern from card 2 onwards is repeated for cach
terperature (for.a fixed energy range)A end for each energy range so that
& new temperature and/or a new ¢nergy range mean the start of a new card
similar to card 2. ihen temperature dependece is considered it is
convenient to use at 1éast two ranges with an inter-range boundary at or
slightly above the highest energy at which temperature depcndence occurs.
In this way repetition of temperature indeperdent data is avoided.

If punched cards for severel cross-sections of a particular
materi:_al are nrepared inanually according to the sbove format soxe
multiplication of work occurs duc to the necessity of :_repeating the
encrgies at which cross—sections for cach rcaction are tabulated.

The IR 7030 S1 (Fortran) languuge progremme R...FORM renoves
the need Tor such repetition. As input it accepts data in which sevcral
cross~sections are specified for a range of energy peoints, each ernergy
point being specified only once and produces labelled cross-section data
cards in the above format.

Opezfatix)g instructions for REFORM arc given in Appendix A.

An IBd 7090 Fortran II language version of REFORM also exists.
7.2 Angular Distribution of Secondary Neutrons (G.C.N.2)
The card format is as follows:-
Card 1 Ficld 1 Reaction type number (fixed point).

2 lYNumber of encrgy ranges - or energy points if the anjular A
distribution is given at encrgy points (fixed point).

3  Atomic weight (fixed point ~ six places following the
decimel ). .
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Card 1 Field 4 1 =data for centrc of mass system
2 ~{data for laboratory system.

5,6 Additional information if required.
Card 2 Feld 1 Lower limit of first encrgy range.
2 Uppér 1limit of first energy range.

3 Nunber of cards used to represent this range -
including this one (fixed point).

L Mumber of different angular distributions for the
first neutron for the first erergy range (fixed point).

5. Frobability of the first angular distribution for the
first neutron (or for all ncutrons in fission or ary
other process in which the number is variable ).

6 Nunber of values given for the first angular
distribution for the first neutron (fixed point).

The following cards contain cos® values in ficlds 1,3 and 5
with the correspording probabilities in fields 2,4 and 6.

ifter the values of the first anguler distribution for the
first. ncutron have been specified, the field pattern is repecated from
carzi 2 f1eld1 onwards for the remaining angular distributions of the
first neutron (in these repetitions the cards similar to card 2 have
identical entries in ficlds 1-4).

¥hen all the anguler distributions for the first ncutron have
teen specified, the ficld pattern is rcpeated from card 2 ficld 1 onwards
for all other ncutrons in the reaction (ficld L of the card similar to
card 2 will, in general, be differcnt from ficld 4 of corresponding cards
for the first neutron). The reaction type nuwsber indicates how many
neutrons are involved in the reaction (and implies whether laboratory or
centre of mass data is involved although this is explicitly given in
field 4 of card 1).
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Af'ter all neutrons have been conéideréd for the first range
the first ncutron is considered for the second range startirg with a
card sinilar to card 2.

It wili be seen that & new distribution for a given neutron,
a new nenizen or a new energy range all begin on a new cerd similar
to cerd 2.

I9 the angular distribution is given pointwise rather than
rangewise tion field 1 on card 2 {and similar cards) is used to record
the energy velus and field 2 on card 2 (and similar cards) is left blank.

7.3 #Znsrgy Distributions of Secovdary Neutrons (G.C.IL3)

The card format is as follows:=
Card 1 Field 1 Reaction type numbcr (fixed point).
2 Number of energy ranges (fixed point).
3,4,5,6 Additional information if required.
Card 2 Tield 1 Lover limit of the first enorgy range.
.2 Upper limit of the first energy range.

3 Nuaber of cards used to represent this energy
range - including this one (fixed point)s

L Nunber of different laws for the first neutron
(fixed point).

5 ©Probability of the first law for the first néutron
"6 Law nunber (fixed point).
Tae field pattern on card 3 (amd loter similer cards) depends
on the law number.
Law 1
Cerd 3 Eield 1 Number of discrete energy values to be considered.

Then follov in successive fiolds (discrete enerey,
correspording probability) pairs.

ke
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DT T T T

Law 2

Caxd 3 Field 4 Number of palrs (discrete energy loss, reduction
factor) to be considered.

3]

Discrete energy loss (.:':d)
Reduction factor (k)
Corresponding probability.

L e

Discrote energy loss and so on.
Laws and 6
Card 3 Field 1 MNunber of spectrum values.
The subsequent ficlds contain spectrum Yenergy" arguaents
followed by the corresponding probabilities.

Law 7
Card 3 Field 1 "a"

2 mp"

3 ngn
L

,+ " ""f

The card pattern repeats from card 2 ficld 1 whencver there

is (a) a new law for a givcn neutron (b) a new neutron (the number of
peutrons is defined by the resction type number) and (c) a new encrgy
range. In cases (a) and (b) this means the repetition of a certain
amount of information (card 2 fields 14 for (;) and cerd 2 fields 1-3
for (b)) but simplifies programing for users. Inforaation is considered
in the order

(a) 11 lews (in order) for one ncutron for onc encrgy range

(b) all neutrons (in order) for one energy range

(¢) 11 energy ranges in ascending order
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7.4 Miscellencous Neutron Interasction Zuantities (G.C.i'i.h)

The format is exactly the same as for cross-sections except

that ficld 3 of card 1 is left blank. . e

7.5 Resolved Neutron Resonance Data (G.C.M.5)

In order to make the system flexii:le and to allow for future
additions the various approximations to the full R-matrix éheory are
given different reaction type numbsrs. The reaction type nunber is
given on the first card and the format of succeeding cards varies with
the law number.

The card format is as follows:

Card 1 Fielgi 1 Reaction type numnber (fixed point) which implies the
particular approximation to full R-watrix theory -
5451 &Single levcl Breit-ifigner formile, ¢ = 0

neutrons, isolated rcsonance
5152 Single level Breit-Figner foriula for & =0
neutrons ard many ‘le;rels for elastic scattcr:@ng
and radiative capturc.
5153 Reich-.oore multilevel for.uula
5154 Vogt multilevel formula
5155 Multilevel formula with pure scattering
5156 = 5200 to be allocated.
2 Number of energy renges (fixed point)
3 Nuclear spin I
L, 5, 6 Additional information if required




Caxrd 2 Field 1 Lower limit of first encrgy range
2 Upper limit of first energy range

3  Number of cards used to represent this energy range
including this one (fixed point)

4 Nunber of resonances in this energy range (fixed point)
5,6 Additional information if required
The format of the following cards depends on the reaction type
nuinber,

RIN = 5151, 5152

Card 3 Ficld 1 Lower limit of range of velidity of cross-sections
caloulated from resonance parameters in thils encrgy range

2 Upper limit of range of validity of cross-sections
calcwlated fron rcsonance peramctors in this cnergy range

3 a, the scattering lerngth (in units of 10-12cm)

L A fixed point number indicating how I‘n, I‘Y etc
are to cary with energy
Gege 1 means I' =T O/ and r fixed (I ° is
n n Y n
the reduced neutron width = valuc at resonance
divided by\'i-;r)

5 A fixed point number indiceting the partial widths
vhich are specified ard their order on cards 4, 5 cte.

1= £ I‘Y
2 = I'n, PY’ Te
3=1,

ete,

6 Additional information if roquired
Card 4 Ficld 1 Energy in MeV

2 Value (borns) of additional 1/v comporent of elastic
cross=scction at this energy

3 LCnorgy in ideV
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Card 4 Field 4 Value (berns) of additionsl 1/v component of first
. partial ron-elastic cross-eection at this energy.

5) Similar information for same reactions and in
6) sane order as implied by order of partial widths
in field 5 of card 3 going to cards 5 and 6 if

necessary :
Card 5 Field 1 %, the resonance cnergy (#oV)
2 J, the angular momentum ef the compound nuclecus

3 T, the total width evaluated at iz:r'

L onwards Values of the partial widths eveluated at Er
(going on to
cards 5, 6 ctc. and given in the order determined by the
if necessary) number in ficld 5 of card 3. All widths are

given in eV,

Information on each resonance starts on a new card. In the most
frequently occurring cascs the information for one resonance will only
occupy onc card.

RTN = 5153

Card 3 Field 1 ‘Lower limit of renge of validity of crosse-sections
calculated from resonance parameters in this range.

2 TUpper limit of rarge of validity of cross-scctions
calculated from rosonance parameters in this rangc -

a, the scattering length (in units of 10—12cm)

L A fixed point nusber imdicating how Iy , T 1, ete
arc to vary with energy L

e«ge 1 means I = I‘m(’ vE

rlY’B%Z’ ‘37\3 indepcndent of energy
5 A fixed point number indicating the number of fission
channels

6 Aadditional information if required




Card 4 Field 1 Energy in MoV

2 Value (barns) of edditional 1/v component of elastio
cross-scction at this energy

Encrgy in MeV

4 Value (barns) of additionsl 1/v component of radiative
capture cross-socction at this encrgy

5 Encrgy in McV

6 Valuc (barns) of additional 1/v componont of fission
cross-scction at this cnergy. .o

Card 5 Field 1. E, (MeV)
2 J, the orbitel angular momentum of the compourd nucleus

3 1‘}\, the total width evaluated at 31

L Pkn’ the neutron width cvaluated at L)\

I‘Nr, the radiative width evaluated at E)»

6 I.., the total fission width evaluated &t E,

A

2

Card 6 Ficld 1 28B,,
2 Relative sign of B4, P2

2

3 267\3

4 Relative sign of B, 87\3
erd so on within the number given in ficld 5 of card 3.

Information on cach resonance sterts on a new card
RIN = 51
Cards 3, &, 5 As in the case RIN = 5153
Cerd 6 Ficld 1 onwards Components of g,, in units ot“(eV)V 2
The number of fields used is equal to the number given in
ficlds of card L.

Information on each resonance starts on a new card.
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RIN = 5155

Card 3 Ficld 1

Field

Card &4

Card 5 Field

-

3
L

Lower limit of validity of cross=sections calculated
from resonance paraneters in this energy rango

Upper limit of validity of cross-sections calculated
from resonance parameters in this encrgy range

a, the scattering length (in units of 10-12cm)

A fixed point number indicating how I veries
with energy for given J, &

3
A fixed point nunber indicating how ¢& is to be
determined

1 =~ determined from values at resonances with given
cnergy variation

2 « calculated fron formulae

Additional information if required

“aximum value of & for which ¢ . is neceded in this
cnergy range

Energy belo. which ¢1 is negligible

Energy below which ¢, is ncgligible
and s0 on, going on %o additionel cards if nccess

Er’ the resonance cnergy (McV)
J

e

5,6 etc. Values of %o ¢1 —— %m if Card 3

" Field 5 conteins a 1
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Informetion on ecach resonance starts on a new card.

In all cases a new energy range is started by a card similar to

Card 2.

7.6 Statistical Data for Unresolved Neutron Resonances (G.C.N.6)

The oard formet is as follows:

Cerd 1 Ficld 1

i ' 2
3

4,5,6

Card 2 Ficld 1

2

3

6

Card 3 onwnrds

Reaction type number (fixed point) which implics the
way in which the following parameters are 10 be
processed to give cross=-sections.

These go 6151, 6152 ctec.

Number of encrgy ranges (fixed point)
Nuclear Spin, I

Additioml_ information if required
Lower limit of first encrgy range (MeV)
" " "

Upper " uw

Number of cards used o represcnt this energy range
(fixed point)

Lower limit of range of validity of cross=scctions
calculated from statistical resonance perameters
in this erergy range.

Upper limit of range of validity of cross=scctions
calculated from statistical rcsonance perancters
in this encrgy range.

Additionsl information if ruquired.

Information appropriatc to the rcaction type nunbers
The detailcd format is not yet dccided. ‘

nch nuw encrgy range starts a new card similar to card 2.

7.7 Therinal Neutron Seettering Law Data

The card format is as follows:
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Card 4 Field 1
2
3

Card 2 Pield 1

Reaction type number = 7002 (fixed point)
Number of energy rarges = 1 (Fixed point)

dﬁ, the free atom cross-section

£, the value of E/kT above vwhich the static nucleus
model of elastic scatter is adequate

4', the offective value of the ratio mass of
"molecule® to mass of neutron to be used.

Em, the upper ercrgy limit for constant Tyt Above

this encrgy o) (RTN = 1002) must be used in
conjunction with the monatomic gas law.
Material temperature (degrees absolute) to which

scattering law data is appropriate (left blank
if temperaturc dependcnee of 5{(a, B) is not considerod)

Humber of cards used to represent this tempcrature,
including this card (fixed point)

3 Humber of B values (fixed point)

6
Card 3 onwards
contains

By

n

Number of tenperatures still to be fully considered
(i.e. including this onc). If the tamporature
dcpendence of S(a, B) is not considered this field
contains a 1.

A the parameter in the & - function contribution
e 8() to S(a, B)s If there is no contribution
from this term then M is sct equal to zero.

Additional information if rcquired

th
Th - 3 i
: Se%‘ g - valuc, B values being given in ascending

The number of a valucs corresponding to ﬁt
(fixecd point)

cr.{'.j jJ = mm— n, the valucs of a being in ascending order

{i.c. n, velues of o Ji

S(GLJ;BL) j=1====n [i.e. n, values of S{a, B8)]

Each 8 value is in ficld 1 of a new card ard the format of card 3 and

following cards is repeated.
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Ifn = 0 for same { then the a values are the same as for
the previous valuc of p and they are not repeated.
The fiéld pattern from card 2 orwards is repcatcd for each

temperature.

8. Represcntation of Photon Interaction end Production Data
cn Punched Cerds

This remains to be determined dbut the general form it will take
can probably bde discerned by a study of scction 7 amd a comparison of
the properties of photon 4interaction and production data with neutron
intcraction date.

9. Representation of Data on Magnetic Tape

I4 is gencrally more convenicnt to usc magnetic tape rather than
punched cerds as a storage medium. High density magnetic tape vwritten
in KD mode is used for this purpose and 2 tape contains exactly the
same information as the corresponding symbolic cards.

Bach tape starts with an index * listing the order in wnich the
nuclides appear on the tape ard the format of this index is as follows:
Card 1 Field 1 MNunber of nuclides on the tape (fixed point).

2,3,4,5,6 Additionsl information if requircd

Card 2 Field 1 Nuclide identification number of first nuclide on
‘ tape (fixed point)

2 Total number of cards used to represent this nuclide
(fixed point)

3,4,5,6 Additional information if required.
The field pattern from cord 2 onwards is repcated for each nuclide
on the tapcs Colunns 73-77 of each list weard" are left blank and

columns73-30 contain a serial number.

®
Cptionally, the tape can be magnoticelly labelled in which case the
magnetic label occupies a one record file at the beginning of the tape.
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Tapes can be prepared and modified using the IBM 1401 programme NDTP
which is described in detail in reference [28]. This replaces a
previous programme RH 81 which has been fourd to be too restrictive.

The main facilities of MDTP allow the

(a) Write n nuclides on tape from cards (1<n<125)

.(b) Copy & tape containing n nuclides.

(c) Modify ery specified records (cards) on an existing tape.
Heading section cards cannot be modified by NDTP.

(d) Take m (m>0) nuclides from cards and n (m>0) nuclides from
an existing tape containing p (p>n) nuclides and write a new
tape containing m + r nuclides in a specified order.

(e) Print the output tape (if required) - this gives a straight
listing (see section 11).

Facility (c) can be used to correct tapes vhen punching errors came
to light in card decks used to prepere the tapes.

10. Checking of Data
Before library data is put into general use it is absolutely essential

that the accuracy of representation be checkc‘g;,; ;;;gc‘: ‘;mng;;s.-;f"h;;x;chcd
cerds (or magnetic tape records) are involved ard the possibility of
ra.ndém punching errors ete. occurring cannot be igrored. A certain
amountt of checking must be done by comparing card/tape l:i.stiﬁgs (see_
section 11) with the lists of date prepared for punching but much of the
tedium of checking can be avoided by using the IR4 7030 S1 (Fortran)
language programme CiECK [29]:' This takes the cards or magnctic tape
containing data. for onc nuclide and apnlies a great variety of logical
and arithumeticel checks. For instance in the case of cross-sections

the sum of the partial cross-scctions at e given cnergy is comparcd

with the total cross-section at that encrgy whilst the encrgies are

checked to see that they monotomically increasing.

*

CIMCK cwrrently deals only with neutron interaction cross-scctions,
anguler @istributions, secondary energies ard miscellencous quantities
but is designed to allow extension to other types of data later.
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Further dctails of the checking -programme arc given in appendix B

ard in reference (29].

It should be recognised that ccrtain data errors are not
detectable by a programue such as CHECK and users of library data
should be constantly alert to detect crrors which have hitherto passed
urnoticed. Unexpected values of group-averaged cross~sections may
arise from somc error in representation of the input basic library
data to the group-averaging progranms.

11. Listing of Data

It is possible to get a direct listing of librery da..ta. from either
cards or mognetic tape using standard IB{ 1401 programmes. Such a direct
listing gives thc contents of one cerd on each line arranged in nine
colums corresponding to the six data fields and thrée label ficlds.

Wnilst a direct listing is useful for tracing crrors, correcting
cards ctc. it is extremely tiresome to reade Amnotated listings of
librery data cen be obtained using the programme IDF FRINT. which is
fully described in reference {30]. ¥hen such annotated listings are
read in conjunctio: with the present report they provide zn easily
understood description of the data contained on the.cerds. Currently
NDF PRINT deels only with data within general classification numbers
1-l, (Neutron cross-sections, angular distributions, seccndary energies
and misccllancous quantities) but it is designed so as to allow
extension to other types of data at a later stage. Appendix C lists

the information vhich is provided in the annotated liéting.
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12, Modification and Up=Dating of Data

Corrections (rather than revisions) of data can be incorporated
in the library as described in section 9. Additionally it is desirable
to be able to incorporate new data for a particular nuclide. The best
experimental values for a given cross=section mey change. Alternatively
it may be desirable to have several estimates available of a cross—
section which is poorly known. Again it may be necessary to extended
existing data to eithe.r lower or higher encrgies. It‘is desirable
then to develop a range of programmes which will make .major
modifications to cxisting data sets without the necessity of punching
large numbers of cards. It is planned to develop such programmes for
use with the library. For instance a programme is envisaged which
will change one partial cross-section end make compensatory changes in
another specified c.ross-section whilst keeping a third (total, say) crosse
section constant.

The spl:i.cir'tlg,7 programe (for the IRi 7090) devcloped at AKS Winfrith
and designed to allow the extension of' Aldermaston data to lower encrgies
is not likely to be of sufficient generality for conteinued use; it
will be superseded eventually by more versatile programmes.
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Aprendix A ) v
Operating Instructions for the IBM 7030 St (Fortran)

Language Programme, REFORM

.The programme can be used only for cross-sections tabulated over one
energy range and for one temperaturec. There is no limit on the number ef
cross-scctions which may be processed in one run, nor on the number of
materials. The numbir of energy points for any one cross-section must
not exceed 20,000,

Input

This consists of the programme pack followed by

(1) 1st card contains NN (format I11)
NN is the number of nuclides (materials)_for which data are to
be processed
(2) 2ma cerd contains IN, NR, N&P (format I11, 2I12)
IN = Nueclide iden%ification numbez; of first nuclide
NR = number of reactions for which data are given
NiP= number of energy points at which daota are tabulated
(3) 3rd and following cards contain the list of energics at which the
data are tabulated punch six values to a card (format E11.6,

5E12.6) - nuclear data filc cards may be used conveniently for

this purpose.

(4) After the energy point cards follows a card containing ISN, IRN, Q,

L, IV, T (format I14, I12, 4E12.6)

ISH = Section number of following tabulated cross-section
'IRN = Reaction type number of following tabulated cross-section

Q@ = Q value for this reaction

53—




b

energy of first tabulated point for this reaction

EU = energy of final tabulated point ‘for this reaction

material temperature (QK) to which fcllowing data are

]
i

temperature indeperdent
(5) Then follow cards containing thé tabulated cross-sections for tha
appropriate reaction punched six veluss to a card (format Z11.6,
5512,6) = nuclear data file cards may be used conveniently for
this purpose.
(6) For further reactions repeat from (&)
(7) Tor further nuclides repeat from (2).
The PRYLUDE control card contains IDIM (format 111 ) IDG4 must be punched
as somc integer greater than or equal to the maxiuwun number of energy
points for one cross=-section for the set of nuclidcs_(materials) in the
inpute IDIM must not exceed 20,000.
OQutput
Tor each reaction in the input a deck of cawvds is produced recedy in
all respects for incorporation as onc complete scction into the Muclear

Data Library.
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Aprendix B
The IBM 7030 S1 (Fortran) Language Programme, CHECK

CHECK is fully described in reference {29]. The following is a list

of che'cks performed by the current version of the programme.

(1)
(2)
(3)

(u)' :

(5)

(6}

Labelling of cards.

Consistency of heading section information with following sections.
Ordering of data within sections (c.ge. cnergics at which cross .
sections are specified must be monotomic increasirwg).

Signs of positive quantities (e.g. encrgy, atomic wcight, temperature
(°k) ete.)

Corrcct normalisation of secondary energy spectr; and angular
distributions.

Arithmetical consistency of cross-sections. For any specified
rclation between a composite cross-section and its component cross-
sections the programnc determines the difference betiween the sum
of the component cross-secctions and the composite cross-section
relative to the composite cross -section and compares with two
specified input numbers. These can be chosen in such a way thatv
one comparison detects smell (rounding) errors whilst the other
detects gross errors due to punching mistaies (for example, factors

of ten wrong).

The type of rclation used includes -

(a) Total cross-scction = sum of all partial cross.sections

{(b) Total cross-section = clestic cross.scction + non-elastic
cross-section

(¢) lon-clastic cross-section = sum of all partial cross .sections
except the elastic cross-section.
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)
(2)

(3)

(%)
(5)

(6)

(7

(8)

Appendix C
Information Provided by the Deta Listing

Programme NBf PRINT

The print ouf provided by IDF PRI;NT is arrangcd as follows:
Heading (c.g."Muclear Data for 3/U238, N, I. N = 156 )a

Atomic number, atomic weight, number of reaction types occuring,
total number of caxds.

Index to sections giving contents of cach section and number of
cards in section.

Index of reactions occurring with R. T.N's and Q-val\.{es.

Toble of cross-sections arranged in order of increasing encrgys

A column of encrgics and seven columns of cross-scctions are given
on each printed page so that different cross-scctions can be
comparcd at the same energy.

ingulaxr distribdution of secondary ncutrons for each eppropriate
reaction type in turn with details of specification (range wise
or point wise; laboratory or centre of mass system).

Energy distributions of secondary neutrons for each appropriate
reaction type in turn with dctails of law numbers (not given where
there is & known relation between initial and final energies and
masses as for elastic scattering). For cach secondary energy law
the appropriate pérameters arec given.

HMean number of secondsry neutrons per fission (for fissile nuclides).
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